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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semiconductor device and its mounting approach for exchanging the 
electric signal of IC chip and a substrate through two or more bumps, especially relates to high density flip chip mounting 
technology. 
[0002] 

[Description of the Prior Art] Volume [ of the Japan Institute of Metals report / 23rd ] No. 12 generally used for the cross 
section of drawing 5 (a) and (b) from the former (1984) The procedure of flip chip mounting indicated by 1004-1013 pages 
is shown, that is, in flip chip mounting, membranes were formed by the IC chip 2 with vacuum deposition — for example, - 
- The bump 5 who consists of Pb-Sn solder with a diameter of about 100 micrometers is formed. On the other hand, the 
same bump 5 also as a substrate 1 is formed. Thus, the bump 5 on the formed IC chip 2 is positioned with the bump 5 on 
a substrate 1. Before the alignment at this time compares and carries out, a half mirror is used for it and it performs it. 
Then, junction will be completed if heating fusion is compared and carried out. If the solder bump 5 fuses, self-alignment 
of her will be carried out to an exact location by the surface tension of solder. In addition, even if the above-mentioned 
bump 5 is formed in either the IC chip 2 or the substrate 1, she can expect the almost same effectiveness. In addition, 3 is 
an I/O electrode and 4 is a thin film. 

[0003] Moreover, there is a semiconductor device indicated by JP,4-155866,A about flip chip mounting aiming at 
densification. That is, in the photo diode for ultra high-speed optical communication, since a bump's diameter becomes 
small with about 30 micrometers and the self-alignment method by surface tension becomes difficult, the option is 
proposed. The equipment shown in type section drawing of drawing 6 here is shown. According to this, the concave gilding 
4 is formed in the electrode 3 on OEIC1, and Sn8 is vapor-deposited in this. The gilding 4 of a convex form is formed in the 
electrode 3 on ******** and photo diode 2. such equipment — setting — concave convex type — highly precise alignment 
can perform each gilding by the fit, an Au-Sn eutectic alloy is formed by heating, and it is supposed that junction can be 
attained. 
[0004] 

[Problem(s) to be Solved by the Invention] However, if the approach shown in drawing 5 to densification is used, since 
bump size will become small, positioning becomes difficult, and since it becomes small [ surface tension ], it becomes 
impossible to expect sufficient self-alignment effectiveness, and desired bump connecting becomes impossible, 
Consequently, the problem that the yield falls substantially arises. 

[0005] On the other hand, by the approach shown in drawing 6 as a densification response, since bump formation of a 
complicated configuration is needed, it can use for connection of expensive IC chips, such as semiconductor laser. 
Moreover, although the check of a location becomes comparatively easy and the dependability of connection improves, 
since it connects in the state of solid phase using a fit, the positioning equipment of the high degree of accuracy of 10 
micrometers or less of errors is indispensable, also raises mounting cost, and cannot be applied to general-purpose 
component mounting. 

[0006] flip chip mounting which it was made in order that this invention might solve this trouble, and carried out 
densification — also setting -- easy — and dependability — a highly connectable general-purpose semiconductor device and 
its mounting approach are offered. 
[0007] 

[Means for Solving the Problem] The semiconductor device of this invention consists of the second bump with small size 
with the high melting point from the first bump who performs self-alignment for the bump who connects IC chip and a 
substrate, and this first bump. 

[0008] Moreover, the process which forms the first bump material by which the mounting approach of the semiconductor 
device of this invention forms the first bump of after fused junction in IC chip or a substrate, and the second bump 
material which forms the second bump of after fused junction, Melting and the process which pressurizes and forms the 
second bump are given to the process and list which are made to carry out melting only of the first bump material, form 
the first bump and carry out high-degree-of-accuracy positioning of the above-mentioned IC chip for the first bump of after 
a positioning process, and the second bump material. 

[0009] Furthermore, the process which it cools [ process ] after removing welding pressure, where melting of the first and 
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the second bump is carried out, and makes a bump solidify is given. 

[0010] And the first bump material and the second bump material are formed in either IC chip or a substrate with the 
same ingredient at the same height, and only the first bump material was formed in another side with the above- 
mentioned ingredient and a different ingredient. 
[0011] 

[Function] In the semiconductor device of this invention, the melting point performs self-alignment by the first low bump 
with large size, easily, positioning connection is made and connection of high density is made to high degree of accuracy 
using the second bump with small size with the high melting point. 

[0012] Moreover, in the mounting approach, melting only of the first bump material is carried out first, and ** can also 
perform high-degree-of-accuracy positioning by self-alignment not using highly precise positioning equipment. Next, since 
melting and application-of-pressure contact of the second bump material are carried out and it connects, it can prevent 
that the second bump material is in a solid phase condition, and the second bump is accidentally connected at the time of 
self-alignment, and it is possible with high dependability with the second bump. [ of connection of high density ] 
[0013] Furthermore, since it cooled after removing welding pressure, where melting of the first and the second bump is 
carried out, and the bump was made to solidify, in addition to the aforementioned operation, a bump's configuration can 
be controlled, and the long-term dependability of a joint improves. 

[0014] And the first bump material and the second bump material are formed in either IC chip or a substrate with the 
same ingredient at the same height, only the first bump material is formed in another side with the above-mentioned 
ingredient and a different ingredient, and the formation process of bump material can be simplified. 
[0015] 

[Example] The example of this invention is explained about drawing below example 1. Drawing 1 (a) - (c) is the cross 
section showing the semiconductor device and its mounting approach of one example of this invention in order of a 
process. The thin film with which it consists of Au in order to secure the adhesion by which IC chip and 3 were formed in 
the I/O electrode, and 4 was formed [ 1 ] for a substrate and 2 on the I/O electrode 3 in draw inq f 5A by which the first 
bump who consists of s older_of Pb40Sn60 whose melting point is 190 degree s C in order that 5 may ^perform self- 
alignment, and 5a were formed in the IC chip 2 is the first bump material formed in the substrate 1. In this case, it is 100 
micrometers in the diameter of 100 micrometers, and height, respectiv ely, and consists of solder of same Pb40Sn60 as the 
first bump 5. , 6A by which the second bump which 6 becomes from Pb70Sn30 withLtheJiiqh melting point and size smalle r 
than the firsroump ^ whose melting point is 260 qecjrees c, for example, and 6a were formed in the IC chip 2 is the * 
second bump material formed wT the substrate 1, in this case , is 30 micrometers in the diameter of 30 micrometers, and 
hejflht^re spectively , and consists of same Pb70Sn30 as the second bump 5. 7 is the welding pressure for contacting the 
second bump. 

[0016] First, Pb of the above-mentioned presentation of the first bump material 5a and 5A and the second bump material 
6a and 6A and Sn are formed on a substrate 1 and the IC chip 2 by carrying out heating fusion in nitrogen-gas- 
atmosphere mind, after changing thickness and carryi ng out laminating vacuum evaporationo . respectively. The IC chip 2 
is positioned and it is made to contact on a substrate i ( drawing 1 (a)). Although the first bump material 5a and 5A 
contacts at this time, the second bump material 6a and 6A is maintained at the c pnrMHnn nf hfwinfl Still separate d. Next, it 
heats at 210 degrees C with a hot plate below at the secona bump's 6a and 6 6A, i.e., the second bump material, melting 
point more than the first bump's 5a and 5 5A, i.e., the first bump material, melting point. As a result, only the first bump 
material 5a and 5A fuses, and is connected, and the first bump 5 is formed ( drawing 1 (b)). Under the present 
circumstances, it is pos itioned by high degree of accuracy by self-alignmen t. Furthermore, it connects more than with the 
melting point of the second bump material 6a and 6A, for example, 280 degrees C, by making it heat and contact, and the 
second bump 6 is formed (drawing 1 (c)). In addition, in order for the first bump 5 to maintain a certain fixed height with 
surface tension at this time, and to c ontact the second bump material 6a and 6A r it is necessarv _ to pressurize the IC chip 
2. Although the temperature of a hot plate may be rapidly raised in order to heat the second bump material 6a and 6A 
more than the melting point for example, it is more desirable to carry out instant heating of the application-of-pressure 
fixture generally, since heat capacity of a hot plate is large. Consequently, even if two or more IC chips 2 are carried on 
the substrate 1, high density junction is attained one by one by using a heating [ application of pressure-cum-] fixture. 
Connection is completed by cooling , where the IC chip 2 is pressurized. 

[0017] In this example, the melting point carries out melting or the first low bump with large size, i.e., the first bump 
material, and positioning connection is easily made also as for ** to high degree of accuracy by self-alignment not using 
highly precise positioning equipment. Under the present circumstances, it is in a solid phase condition, and the second 
bump material can prevent that the second bump is connected accidentally, it fuses the second bump material in the 
condition of subsequently having been positioned, and connection of high density can do it with high dependability easily 
by the second bump with small size with the high melting point. High density flip chip mounting can be performed without 
producing a connection mistake by self-alignment with conventional equipment, even if it does not use high-degree-of- 
accuracy positioning equipment. 

[0018] Other examples of the mounting approach of the semiconductor device shown in example 2. drawing 1 are 
explained. Although it is the same as that of the process of the above-mentioned example 1 until it heats more than the 
second bump's 6 melting point, after the first bump 5 and the second bump 6 have fused, welding pressure is removed, it 
cools, and a bump is made to solidify. It ** and, only in the part of welding pressure, the height of the first bump 5 and 
the second bump 6 becomes high. At this time, it becomes possible by designing the number and size of the first bump 5, 
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the second bump 5a and 6 5A, i.e., the first bump material, and the second bump material 6a and 6A from keeping of the 
force to control the second bump's 5 and 6 configuration for a start so that the second bump 6 is narrow and may not 
dissociate, it is known well that a bump's configuration will influence the long-term dependability of a joint — **** (refer 
to volume [ of the Japan Institute of Metals report / 23rd ] No. 12) ~ large reinforcement can be attained by using the 
configuration of the second bump 6 with small size as the so-called hard drum form. 

[0019] Next, the cross section of drawing 2 (a) - (c) explains the effectiveness of the self-alignment in the mounting 
approach of the semiconductor device of the above-mentioned example. Here, it is a diameter as size of the first bump 
material 5a and 5A. About 40 micrometers is assumed as a distance between the diameter of 50 micrometers, and a bump 
as size of 100 micrometers and the second bump material 6a, 6A, 6b, and 6B. As shown in drawing 2 (a), supposing 30 
micrometers of bump location gaps occur in a longitudinal direction at the cross direction of 60 micrometers and space, 
although the first bump 5 contacts the predetermined bump material 5a and 5A, respectively, the circuit where the second 
bump 6 differs from a design will be formed by the second bump material 6B and 6a. However, the circuit which the 
second bump material 6B and 6a of the solid phase condition which surface tension commits in the direction shown by the 
arrow head when the first bump 5 fuses, as shown in drawing 2 (b), and surface tension does not commit mistook is 
opened. Consequently, self-alignment becomes possible as shown in drawing 2 (c). Furthermore, connection is completed 
by making it heat and contact more than the second bump's melting point, thus, the face down assembly by the flip chip — 
setting — th e densification of 50-micrometer pitch lev el — dependability — it can carry out highly. 

[0020] Moreover, if effective surface tension works in the above-mentioned example although the first bump 5a and 5 5A, 
i.e., the first bump material, was formed in the corner of the IC chip 2 as shown in drawing 1 and drawing 2 , it will not 
necessarily limit here. Namely, as shown in the top view of drawing 3 (a) and (b), wherever the bump may be formed in 
[ within IC chip side ] about the parallel locatiorTgap, the same surface~tension works. However, although it works as a 
turning effort about a hand of cut around IC chip, it is ineffective at the core. Therefore, the first bump's 5 location and a 
configuration are arranged in consideration of the above point. 

[0021] Moreover, since it works by each bump, it has surface tension by total of that force and the IC chip 2 is moved, the 
number of the first bumps 5 can be easily designed, if this point is taken into consideration. 

[0022] In addition, although the first bump's 5a and 5 5A, i.e., the first bump material, configuration was explained as a 
globular form in drawing 1 and the above-mentioned example of drawing 2 f it does not restrict to this configuration, and 
with the first bump's 5 surface tension, the IC chip 2 moves and high-degree-of-accuracy positioning is just performed. For 
example, also by making it two or more rectangular parallelepipeds which met near the periphery of the IC chip 2, surface 
tension works and self-alignment becomes possible. However, since floating of a bump ingredient will arise, the path 
clearance between a substrate 1 and the IC chip 2 will change and it will become a defect's cause if a bump becomes long, 
caution is required. 

[0023] Moreover, although a solder bump's case was explained in the above-mentioned example, it cannot be 
overemphasized that it can form by ap proaches, such as vacuum evaporations and the same effectiveness can be 
expected also in other ingredients other than solder. 

[0024] Moreover, although the case where bump material was formed in both IC tip side a substrate side in the above- 
mentioned example was explaineri r it is nnt- nerpssary t o necessarily form in both, and shou ld form in either at least. 
[0025] Furthermore, although the case where bump material was formed with the same ingredient as a bump in the 
above-mentioned example was explained, bump material is used as a different ingredient from a bump, and you may 
make it become a desired bump ingredient (presentation) by the bump material of IC tip side a substrate side. 
[0026] example 3. — the cross section of drawing 4 explains this example. Only the first bump material 5A *nrl 5R is 
formed in a substrate 1 side, and the first bump material 5a and 5b and the second bump^naterial 6a and 6b are f ormed 
in the IC chip 2 side. As an ingredient, Sn is selected to the first bump material 5A and 5B by the side of a substrate 1, and 
95Pb(s)5Sn is selected, respectively to the first bump material 5a and 5b by the side of the IC chip 2, and the second 
bump material 6a and 6b, for example. Although it is the same as that of the above, since the ingredients of the first bump 
material differ by IC tip side a substrate side, the first bump material 5A and 5B by the side of a substrate 1 and the first 
bump material 5a and 5b of IC tip side react first with heating, and the manufacture approach at the time of constituting 
the above semiconductor devices becomes the alloy presentation of PbSn, and is fused. It is controllable by the size of 
each first bump material by the side of a substrate 1 and the IC chip 2, the presentation ratio, i.e., the melting point, of 
this PbSn by which shaping was carried out, i.e., the first bump. For example, if size is the same at the above-mentioned 
presentation, for the first bump, the melting point is abbreviation by the presentation of Pb47.5Sn52.5. It becomes 200 
degrees C, and becomes lower than the second bump's, i.e., the second bump material, melting point (abbreviation 310 
degrees C), and size doubles. Next, it connects by carrying out heating / application-of-pressure contact more than the 
second bump's melting point. If a semiconductor device is constituted so that size may become [ the melting point ] higher 
[ the second bump ] than the first bump small in short, the same effectiveness as the above-mentioned example will be 
acquired. In addition, in this example, since the part which forms bump material, and the class of bump material were 
specified, it writes well only by forming the bump material of the same class and the same height in each IC tip side a 
substrate side, the formation process of bump material can be simplified, and industrial value improves substantially. 
[0027] In addition, although the first bump and the second bump formed on the I/O electrode in the above-mentioned 
example, it does not interfere as a bump on the I/O electrode which performs the dummy bump for positioning for the first 
bump, and exchanges the electric signal of IC chip and a substrate for the second bump. 
[0028] 
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[Effect of the Invention] Since it was made to constitute from the first bump who performs self-alignment for the bump to 
whom the semiconductor device of this invention connects IC chip and a substrate, and the second bump with small size 
with the melting point higher than this first bump as explained above, self-alignment is performed by the first bump, and 
easily, positioning connection is made at high degree of accuracy, connection of high density can be performed using the 
second bump, and it can respond to the densification of mounting. High density flip chip junction can be performed without 
producing a connection mistake by self-alignment with conventional equipment, even if it does not use high-degree-of- 
accuracy positioning equipment. 

[0029] Moreover, the mounting approach of the above-mentioned semiconductor device is IC chip or a substrate. The 
process which forms the first bump material which forms the first bump of after fused junction, and the second bump 
material which forms the second bump of after fused junction, Melting and the process which pressurizes and forms the 
second bump are given to the process and list which are made to carry out melting only of the first bump material, form 
the first bump and carry out high-degree-of-accuracy positioning of the above-mentioned IC chip for the first bump of after 
a positioning process, and the second bump material. 

[0030] Furthermore, since it cools after removing welding pressure, where melting of the first and the second bump is 
carried out, and it was made to make a bump solidify, dependability can be improved by controlling the configuration of 
the bump after connection over a long period of time. 

[0031] And since the first bump material and the second bump material are formed in either IC chip or a substrate with 
the same ingredient at the same height and only the first bump material was formed in another side with the above- 
mentioned ingredient and a different ingredient, the formation process of bump material can be simplified. 

[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by constituting the above-mentioned bump from the first bump who 
performs self-alignment, and this first bump by the second bump with small size with the high melting point in the 
semiconductor device which exchanges the electric signal of IC chip and a substrate through two or more bumps. 
[Claim 2] In the mounting approach of a semiconductor device that a substrate is joined to IC chip through the first given 
in the 1st term of a claim, and the second bump The process which forms the first bump material which forms the first 
bump of after fused junction in the above-mentioned IC chip or a substrate, and the second bump material which forms 
the second bump of after fused junction, The mounting approach of the process which is made to carry out melting only of 
the first bump material, forms the first bump and carries out high-degree-of-accuracy positioning of the above-mentioned 
IC chip, and the semiconductor device characterized by giving melting and the process which pressurizes and forms the 
second bump to a list for the first bump of after a positioning process, and the second bump material. 
[Claim 3] The mounting approach of the semiconductor device given in the 2nd term of a claim characterized by giving the 
process which it cools [ process ] after removing welding pressure, where melting of the first and the second bump is 
carried out, and makes a bump solidify. 

[Claim 4] The 2nd term of a claim characterized by forming the first bump material and the second bump material in either 
IC chip or a substrate with the same ingredient at the same height, and forming only the first bump material in another 
side with the above-mentioned ingredient and a different ingredient, or the mounting approach of a semiconductor device 
given in the 3rd term. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the cross section showing the mounting approach of the semiconductor device of one example of this 
invention in order of a process. 

fPrawing 2] It is a cross section explaining the actuation concerning the mounting approach of the semiconductor device of 
this invention. 

[Drawing 3] It is a top view explaining the first bump's location and the effectiveness of self-alignment concerning this 
invention. 

fPrawing 4] It is the cross section showing the mounting approach of the semiconductor device of other examples of this 
invention. 

[Drawing 5] It is the cross section showing the mounting approach of the conventional semiconductor device in order. 
[Drawing 61 It is the cross section showing the conventional semiconductor device by which densification was carried out. 
[Description of Notations] 
1 Substrate 

4 Thin Rim 

5 First Bump 

5a, 5A, 5b, 5B First bump material 

6 Second Bump 

6a, 6A, 6b, 6B Second bump material 

7 Welding Pressure 

[Translation done.] 
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